Background: Muscle morphology, age and gender may be determinants of muscle strength in older adults. However, very few research studies have directly examined such correlation in the ageing spine. The aim of the study was to examine the correlation between lumbar extensor muscle strength, its muscle fibre angles, thoracolumbar curvature, age and gender in the older and younger adults.
Background
Muscle strength declines and accelerates further with age [1, 2] . Previous studies recorded an approximately 50% decline in lumbar extensor muscle strength from the third to sixth decade of life [3] . Trunk extensor muscle strength is greater in males and reported to decline more with ageing in males [4] . Both age and gender have also been found to be correlated with trunk extensor muscle strength in previous studies of different groups of participants [5, 6] . Poor physical performance; increased risk of falls, fractures and disability; increased mortality and poor quality of life; fear induced inactivity are associated with a decrease in muscle strength in older adults [7] [8] [9] [10] [11] [12] .
Alterations and adaptations in lumbar spine morphology that includes lumbar extensor muscle fibre angles [13] and thoracolumbar curvatures [14] may lead to deterioration in lumbar extensor muscle strength [15] . Previous studies have examined the inter relationship between trunk extensor muscle strength with anthropometric measurements such as age, gender, body mass index, upper and lower limb strength together with psychosocial factors and predicting the trunk extensor musculature strength from these variables [4, 6, 16, 17] . Lumbar extensor muscle fibre angles and thoracolumbar curvatures changes in ageing may interact with age and gender. However, no study has been directed to examine this and at predicting lumbar extensor muscle strength from these morphological indices. It is clinically important to examine the relationship between lumbar extensor muscle strength, lumbar extensor muscles fibre angles and thoracolumbar curvature since this relates to mechanisms of muscle force production and may help to explain how muscle function deteriorates with age in the spine.
Lumbar extensor muscle strength is dependent on many factors [18] and accurate strength prediction so far has not been completely accounted for. In addition, predictors of trunk extensor muscle strength have either been carried out for a younger group or on patients with low back pain. Some of the indices used to predict trunk extensor muscle strength presently such as body mass index and body circumference may change in older adults so the prediction equation may become inaccurate for use with older adults.
Lumbar musculature strength is also desirable if a deficiency from the normal is to be recognised in older adults. Furthermore, it is important for the assessment of functional performance capacity of older adults in daily living activities. However, performing lumbar strength measurements presents some challenges. Lumbar extensor muscle strength testing poses difficulty with muscle isolation and fixation. Occasionally, it cannot be performed because the physical health of older adults does not allow it and their motivation may be affected. Hence, it will be useful to approximate lumbar extensor muscle strength of older adults from a regression model.
The aim of this study was to examine the correlation between lumbar extensor muscle strength, lumbar extensor muscle fibre angles, thoracolumbar curvature, age and gender in the older and younger adults.
Methods

Participants
Fifty two participants (26 younger participants aged 20 to 35 and 26 older participants, aged 65 to 84) participated in the study from a local community area. Prior to the tests, participants were assessed against the following exclusion criteria: had any history of current back pain, or back pain requiring medical attention in the last 6 months; serious trauma leading to fractures or dislocations of the spine; prior surgery to the back; x-ray of the spine revealing underlying pathologies such as tumours, spinal infections, tuberculosis; any known inflammatory joint diseases, rheumatological conditions, spinal deformities such as scoliosis, spondylolisthesis, spondylolisis; any neurological deficits, and were taking prescribed drugs that potentially affect muscle strength, such as corticosteroids. Ethical approval was obtained from the Faculty Research Ethics and Governance Committee of The University, and informed written consent was obtained from all participants.
Lumbar extensor muscle fibre angles
Both left and right lumbar extensor muscles were imaged at 3 rd lumbar spinous level in erect standing using a linear array probe of an ultrasound machine (Titan™, Sono Site UK, Hitchin, Herts, UK). Saved captured images were then analysed using Matlab (Version 1.9.1 MathWorks, Inc., Natrick, MA, USA). Muscle fibre angles of mid-substance of the muscles were determined. Details of the procedures were as presented in our earlier study [13] .
Thoracolumbar curvature
This procedure has been reported in Singh et al. (2010) [14] . Briefly, measurements of thoracolumbar curvature were performed with an electromagnetic tracking device (Fastrak Polhemus, 40 Hercules Dr, Colchester, VT 05446) by tracing the whole spinous processes of the thoracolumbar spine. Both the left and right posterior iliac spine; 1 st and 8th thoracic; 1 st and 5 th lumbar spinous levels were digitized. The thoracolumbar curvature angles were determined using a pre written software using Matlab (Version 1.9.1 MathWorks, Inc., Natrick, MA, USA).
Lumbar extensor muscle strength
Lumbar extensor muscle strength was measured using a load cell (LCM 200, 1112N; Futex Advanced Sensor Technology, Inc., Irvine, California), connected to the upper trunk with the participants standing in a restraining frame. Participants did three five seconds sustained maximum voluntary contraction (MVC) with a 5 minutes rest in between. Muscle strength was calculated as moments generated by the product of highest force MVC value with the moment arm. This procedure has been reported in our earlier study [15] .
Statistical analysis
Data were analysed using SPSS software version 15 (SPSS Inc. Chicago, USA). Preliminary analysis of the data showed that the data was normally distributed and scatter plots suggested linear relationships. Levene's test for homogeneity of variances showed no significant differences (p > 0.05) in lumbar extensor muscle fibre angles, thoracolumbar curvature and lumbar extensor muscle strength. This result indicates that the differences in the two groups were equal. The differences in age, body mass index and physical activity score between the two groups were compared using student's t-test. Correlation between lumbar extensor muscle strength, lumbar extensor muscle fibre angles, thoracolumbar curvature, age and gender were established with 2 tailed Pearson correlations. Age and gender were chosen to be included as these factors have been demonstrated in the literature to be important. Body mass index (BMI) was included in the regression to account for the potential effect of BMI on lumbar extensor muscle strength.
Stepwise multiple linear regression analysis was used to identify significant predictors of lumbar extensor muscle strength, using lumbar extensor muscle strength as the dependent variable and lumbar extensor fibre angles, thoracolumbar curvature, BMI, age and gender as independent variables. The model was checked for multicollinearity problems using the tolerance (proportion of variability not explained) and VIF (variance inflation factor) values. A tolerance value of less than .10 and a VIF value that is above 10, indicates multicollinearity problems in the model [19] .
Results
The younger group were aged from 20 to 35 (10 males, 16 females), and the older group were aged 65 and above (10 males, 16 females). The mean age and associated standard deviations (SD) of the younger and older age groups were 27.9 (SD 5.2) and 72.1 (SD 5.9) respectively. The older age group had a mean BMI that was 1.6 kg/m 2 higher than the younger age group which was determined to be a statistically significant difference (p = 0.03).
Correlations
The combined results of 2 tailed Pearson correlations for both older and younger adults were as presented in Table 1 . Age was negatively correlated with lumbar extensor muscle strength. Lumbar extensor muscle strength was positively associated with fibre angles and significantly larger in males. Similarly, the relationship between lumbar extensor muscle strength and the thoracic kyphosis was low and non significant. These results indicate that lumbar extensor muscle strength and fibre angles decrease with age. These results also suggest that lumbar trunk extensor muscle strength were greater with larger muscle fibre angles and in males.
Multiple linear regression
BMI did not appear to be a predictor for lumbar extensor muscles strength for both younger and older adults. As the factors that can be fitted into a regression equation are limited based on the sample size, BMI was not included in the final regression analysis. The stepwise multiple linear regression analysis results for the younger and older group are as shown in Table 2 . The stepwise multiple linear regression analysis indicated that in older adults, only age and gender were selected as prediction variable of lumbar extensor muscle strength. Gender accounted for 53% of the variance, whilst gender and age combined accounted for 64% of the variance in the lumbar extensor muscle strength. For the younger adults, lumbar extensor muscle strength was only significantly predicted by gender which accounted for 21% of the variance. The standardized beta value (β) for gender is higher in the model for older adults (−.68) compared to younger adults (−.46), indicating that gender is a more important variable in strength prediction for older The regression model, as predicted by the stepwise procedure, is shown in Table 3 . The tolerance and VIF values in the present model indicated that there was no multicollinearity problem. The shrinkage of adjusted R 2 from the actual R 2 was small, indicating that there were not an excessive number of variables in the model and that the sample size was sufficient.
Discussion
It is well documented in the literature that trunk muscle strength decreases in older adults [3, 5, 20] . However, the correlation between the decline in strength and spine morphology such as muscle fibre angles and thoracolumbar curvatures has not been examined adequately, especially in the older adults.
Thoracic kyphosis and lumbar lordosis angles showed only small inverse correlations with lumbar muscle strength which were not significant. The correlation of trunk extensor muscle strength with thoracic kyphosis in the earlier studies has been found significant inverse correlation in some studies [21, 22] or no correlation [5] . A novel finding of this present study was that age was negatively correlated with fibre angles of the trunk extensor muscles (r = .40, p < 0.01). The spines of adults are normally able to withstand and absorb normal spinal forces even when the spines are subjected to sudden or unexpected changes as in falls and lifting. However, it may be argued that spines in older adults may not have the same ability due to changes in both the fibre angles and thoracic kyphosis as observed in this study. These changes in mechanics may be related to the occurrence of vertebral fractures in older adults' spines which are osteoporotic [23] .
As age was strongly associated with lumbar extensor muscle strength, the multiple linear regression analysis was performed separately for younger and older adults. From the stepwise regression analysis results, gender manifested as the most robust predictor of lumbar extensor strength, accounting for 53% and 21% of the variation in lumbar muscle strength of older and younger adults respectively. However, when considering the prediction of lumbar extensor muscle strength of older adults, age becomes another strong factor to be included. These results are expected, because a greater decline in trunk extensor muscle strength occurs from the fourth decade of life [4] and younger adults in this study were between the ages from 20 to 35. These results suggest that age affects lumbar extensor muscle strength in older but not younger adults.
The decrease in trunk muscle strength is believed not to occur in a linear pattern with age. Moreover, it has been demonstrated that trunk muscle strength declines at a higher percentage in older adults [3, 20] . The results from the regression analysis in the present study confirm this observation since in younger adults, gender appeared to be the only predictor for lumbar extensor muscle strength, while it was gender and age in older adults. The estimated rate of decline of lumbar extensor muscle isometric strength per decade from the sixth to eight decade in this study is approximately 40% and 81% in females and 21% and 41% in males. These results suggest that the rate of decline of lumbar extensor muscle strength in older women is approximately two times higher than that among older men. The results also demonstrate that there is a larger difference in lumbar extensor muscle strength between genders among older adults compared to younger adults (Figure 1) .
From the regression analysis, thoracolumbar curvature and lumbar extensor muscle fibre angles did not emerge to be predictors of lumbar extensor strength. Although there was significant correlation of lumbar extensor muscle strength and fibre angles, it did not appear to be a strong predictor of strength. It can be deduced that some spine morphological factors are related to lumbar extensor muscle strength. However, it does not appear in the regression equation for both older and younger populations, probably because age or gender has accounted for such effects. Trunk extensor muscle strength has been reported to be based on the muscle area parameters such as cross sectional area and fat free mass [6, 16] . Examination of the relationship between lumbar extensor muscle strength and a combination of the whole lumbar extensor muscle architectural parameters, including fascicle length and physiological cross sectional area that were not examined in this study could also possibly explain why lumbar extensor muscle fibre angles did not appear as a strong predictor.
The stepwise linear regression met the normal distribution and linearity assumptions. The adjusted R 2 (coefficient of determination) were .17 and .61 (with two predictors) for the younger and older adults model respectively. These differences from the R 2 are approximately 3%. Hence the lumbar moment strength prediction in this study can be generalised to the general population with a small variance in the equation results. The R 2 in other back strength prediction models with younger participants were reported to be .39 [16] and .45 [6] . The lumbar strength prediction model of the older adults in this study showed a better lumbar strength predictability for older adults (R 2 = .64, p < 0.001).
Future studies should consider including the other indices of muscle architectural properties such as fibre length to further understand the relationship. This study is limited to only two age groups, including a middle age group could have provided a data set that might help to demonstrate the relationships between some of the variables. Moreover, a longitudinal study could provide a definitive trend and the degree of the problem that can inform the rehabilitation team regarding at what stage of life intervention should be provided and would be beneficial. This is because there are many other factors besides ageing that influences muscle strength.
Conclusion
In conclusion, significant correlations were found between age, thoracic kyphosis and fibre angles of the lumbar muscles and lumbar muscle strength; fibre angles of the lumbar extensors muscles with their strength. However, only age and gender appeared in the regression analysis in older adults. In the regression equation for younger adults, gender was the only predictor for lumbar extensor muscles. These results suggest that the decline in the lumbar extensor muscle strength might depend on different factors across the ages and different models are required for older adults.
Quantitative assessment of lumbar extensor muscle strength in older adults can be difficult and may be influenced by many factors. The regression analysis equation in the study could become a useful clinical tool after it has been refined through gathering of more normative data to predict lumbar extensor muscles strength, in situations where direct measurement of muscle strength would be inappropriate. This regression equation can also be used to compare normative data with the clinical population such as low back pain, osteoporosis and spinal deformities. Thus, it provides an estimate for the clinical judgment of the amount of lumbar extensor muscle deficit present.
